Acute Renal Injury and Dysfunction Following Elective Abdominal Aortic Surgery  by Tallgren, M. et al.
Eur J Vasc Endovasc Surg 33, 550e555 (2007)
doi:10.1016/j.ejvs.2006.12.005, available online at http://www.sciencedirect.com onAcute Renal Injury and Dysfunction Following Elective
Abdominal Aortic Surgery
M. Tallgren,1* T. Niemi,1 R. Po¨yhia¨,1 E. Raininko,1 M. Railo,2 M. Salmenpera¨,1
M. Lepa¨ntalo2 and M. Hynninen1
1Department of Anaesthesia and Intensive Care Medicine, and
2Department of Vascular Surgery, Helsinki University Hospital, Helsinki, Finland
Objectives. To evaluate the incidence of kidney injury and acute renal dysfunction (ARD) and associated risk factors in
open abdominal aortic surgery.
Materials and Methods. 69 patients undergoing elective infrarenal aortic repair were included in a prospective study.
Anaesthesia and haemodynamic management were standardised targeting a mean arterial pressure (MAP) of
70e90 mmHg, pulmonary artery occlusion pressure of 12e14 mmHg and cardiac index 2.4 l/min/m2. Urinary
albumin-creatinine and N-acetyl-B-D-glucosaminidase-creatinine ratios were measured as indicators of kidney injury.
The definition of ARD was based on the RIFLE criteria.
Results. Kidney injury was found in most patients. ARD developed in 22% of the patients, and acute renal failure in 4%.
The patients with ARD were older, and had lower plasma creatinine and estimated GFR before surgery. ARD was asso-
ciated with intraoperative hypotension (MAP <60 mmHg >15 min), low cardiac index (<2.4 l/min/m2), rhabdomyolysis,
and early reoperation. Intraoperative hypotension and postoperative low cardiac output were independent risk factors for
ARD in multivariate analysis.
Conclusions. Kidney injury occurs in most patients undergoing infrarenal aortic surgery, but only 22% develop acute
renal dysfunction. Hypotension and low cardiac output are risk factors that could be avoided by optimizing perioperative
management.
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Acute renal failure is a severe complication in the sur-
gical patient leading to increased mortality and hospi-
tal costs.1e2 In earlier studies the incidence of acute
renal dysfunction (ARD) in elective infrarenal aortic
surgery has varied widely, which may be as much
due to variation in the definition of ARD as to the con-
duct of the procedure itself. The RIFLE criteria for
acute renal failure are a new tool that will hopefully
clarify research of ARD in the future. The RIFLE crite-
ria were built on consensus of the best evidence by
a group of experienced clinical investigators.3 It is
a simple classification based on change of plasma/
serum creatinine from baseline and diuresis over
time, describing increasing degrees of impairment in
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been shown to perform well in predicting hospital
mortality.4e5
We have conducted a prospective randomised con-
trolled trial evaluating the efficacy of N-acetylcysteine
for the prevention of kidney injury in abdominal aor-
tic surgery.6 No protective effect by N-acetylcysteine
was found. The aim of the current study was to use
the prospectively collected data on kidney injury
and function to evaluate the incidence of kidney in-
jury and ARD in aortic surgery, and to identify peri-
operative risk factors connected with ARD.
Materials and Methods
All patients scheduled for elective repair of the
abdominal aorta through laparotomy between April
2002 and December 2003 were considered for
inclusion in the trial. Patients with plasma creatinine
>110 mmol/l (>1.24 mg/dl) or with plans forrved.
551Renal Dysfunction after Abdominal Aortic Surgerysuprarenal or renal arterial clamping during surgery
were excluded. Of the 70 patients recruited, 35 were
randomised to receive N-acetylcysteine and 35 pla-
cebo in a double blind fashion.6 In one case surgery
was cancelled due to the finding of intra-abdominal
cancer. Thus 69 patients were treated by protocol.
The study was approved by the institutional ethics
committee, and all patients gave written informed
consent.
Anaesthesia and haemodynamic management
Anaesthesia and haemodynamic management were
standardised.6 All patients received 500 ml of Ringer’s
acetate intravenously before the induction of
anaesthesia. Thereafter Ringer’s acetate and 6%
hydroxyethylstarch (maximum dose 20 ml/kg) were
infused aiming at pulmonary artery occlusion pressure
(PAOP) of 12e14 mmHg. To maintain mean arterial
pressure (MAP) of 70e90 mmHg and cardiac index
(CI) of 2.4 l/min/m2, inotropes and vasopressors
were used if necessary. As first aid for sudden
hypotension, boluses of phenylephrine and ephedrine
were used. Dopamine was infused if MAP remained
low despite adequate filling pressures. It was replaced
by noradrenaline, ifMAPwas lowdespite dopamine of
up to 10 mg/kg/min. Dobutamine was started if CI re-
mained low. Haemoglobin was maintained at >90 g/l
intraoperatively and >80 g/l postoperatively. To pre-
vent hypothermia, a recirculating warm forced-air
blanket was used, and intravenous fluids were
warmed. Antibiotic prophylaxis consisted of intra-
venous cefuroxime 1,5 g every 8 h (3 doses) and
vancomycin 1 g every 12 h (2doses). Postoperative hae-
modynamic targets were: MAP 70 mmHg, systolic
arterial pressure <160 mmHg, and PAOP 10e14 mmHg.
Postoperative pain was treated with epidural infusion
of ropivacaine and fentanyl. Non-steroidal anti-
inflammatory drugs were not used.
Study investigations
To detect kidney injury, albumin (indicator of glomeru-
lar injury) and N-acetyl-b-D-glucosaminidase (NAG)
(indicator of tubular injury) as well as creatinine were
measured from urinary samples collected preopera-
tively, before aortic cross-clamping, and 0e6 and
6e24 h after aortic declamping. Urinary albumin-
creatinine and NAG-creatinine ratios were calculated.7e9
Albumin-creatinine ratio of >3.4 mg/mmol (equals
>30 mg/g) was regarded as abnormal (albuminuria),
and of >57 mg/mmol (equals >500 mg/g) as high
(overt proteinuria).9 NAG-creatinine ratio abovebaseline mean plus 2SD was considered high. Detailed
descriptions of the laboratory techniques have previ-
ously been presented.6
To assess renal function at baseline, plasma creati-
nine, urinary albumin-creatinine ratio, and serum cys-
tatin C were measured from preoperative samples
collected within 24 hours before surgery. Estimated
GFR (glomerular filtration rate) was calculated using
the abbreviated MDRD equation.9e10 Plasma creati-
nine and serum cystatin C were measured 1, 3 and
5 days following surgery. Acute renal dysfunction
(ARD) was defined according to the RIFLE criteria3
with the modification described by Herget-Rosenthal
et al11: 50% increase in plasma creatinine or serum
cystatin C from baseline or oliguria of <0.5 ml/kg/h
for 6 h. Progression of ARD to level F (Failure e
200% increase in creatinine or cystatin C or
oliguria <0.5 ml/kg/h for 24 h or anuria) was also
recorded.
Haemodynamic measurements were recorded at
baseline, after the induction of anaesthesia, before aor-
tic clamping, 5 min after clamping and declamping, at
the end of surgery, and 6, 18, and 24 hours later.
Hypotensive periods, defined as MAP 60 mmHg
for over 15 min intraoperatively or for over 1 h post-
operatively, were identified by a blinded assessor
from the anaesthesia records (Anesthesia Record
Keeper, Datex, Instrumentarium Corp., Finland) and
the ICU records. To rule out rhabdomyolysis and
myocardial ischaemia, plasma myoglobin, creatine
kinase (CK) and troponinT (TnT) were measured in
the first postoperative morning. Plasma CK >1000
U/l or myoglobin >1000 ug/l were considered signs
of rhabdomyolysis.
Statistical analysis
Continuous-type and ordinal variables, presented as
median (interquartile range), were analysed using
the Mann-Whitney U test and the Wilcoxon signed
ranks test, as appropriate. With multiple comparisons
over time the Bonferroni procedure was used. Propor-
tions, expressed as number (percentage), were ana-
lysed with the Fisher’s exact test. Univariate and
multivariate forward stepwise logistic regression
analysis was performed to examine the relationship
between the development of ARD and risk factors
with univariate significance level of <0.05 (Table 3).
A Hosmer-Lemeshow goodness-of-fit test value
>0.05 was regarded as a sign of an acceptable model.
All analyses were performed with SPSS for Windows
13.0 software. P< 0.05 was considered statistically
significant.Eur J Vasc Endovasc Surg Vol 33, May 2007
552 M. Tallgren et al.Results
Perioperative signs of kidney injury were found in the
majority of the patients (Fig. 1). Albuminuria occurred
in 64 patients (93%), and overt proteinuria in 15 (22%).
The increase in urinary NAG-creatinine ratio showed
a smilar pattern. Values >1.6 U/mmol (baseline
meanþ 2 SD) were found in 42 patients (61%). Base-
line albuminuria was detected in 8 patients (12%)
and overt proteinuria in 2 (3%).
ARD occurred in 15 of the 69 patients (22%). The
criteria were met by six patients on the first and
nine patients on the third postoperative day. The
GFR criteria were matched by all fifteen patients
and the urine output criteria by two patients (1 anuria,
1 oliguria). In three cases ARD progressed to level F
(Failure). The changes in plasma creatinine and serum
cystatin C over time are presented in Fig. 2. Urine out-
put was less in the patients developing ARD than in
those without ARD, 3.0 (2.2e3.5) l vs 3.6 (3.0e4.7) l
(p< 0.05), for the 24 hours after aortic declamping.
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Fig. 1. Urinary albumin-creatinine ratio and NAG-creatinine
ratio at baseline, before aortic clamping, and 0e6 and 6e24 h
after declamping in the patients with acute renal dysfunction
(ARD) (n¼ 15) and without ARD (n¼ 54). Center box shows
median (interquartile range) with whiskers indicating 95%
range of data.
Eur J Vasc Endovasc Surg Vol 33, May 2007The patients developing ARD were older, and their
preoperative plasma creatinine was higher and esti-
mated GFR lower than of those without ARD (Tables
1e2). No significant differences were found in the
prevalence of chronic illnesses or in regular
medication.
Perioperative factors associated with postoperative
ARD included hypotension, low cardiac index, rhab-
domyolysis, acute atrial fibrillation and early reopera-
tion (Table 3). No significant differences were found in
the use of crystalloids, colloids, blood products, vaso-
pressors, inotropes, or prophylaxis with the study
drug N-acetylcysteine. Using multivariate logistic re-
gression analysis, the best model for the development
of ARD contained two independent risk factors: intra-
operative hypotension (P¼ 0.006, OR 8.5 [1.8e39.4])
and postoperative low cardiac index (P¼ 0.017, OR
5.2 [1.3e19.9]).
The patients with ARD stayed in the ICU longer
than those without ARD, 3 (2e5) days vs 1 (1e2)
days, respectively ( p< 0.01). Extubation was delayed
in the patients with ARD: 7.0 h (4.1e23) after the end
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Fig. 2. Plasma creatinine and serum cystatin C concentration
at baseline and on the 1st, 3rd and 5 th postoperative days in
the patients with acute renal dysfunction (ARD) (n¼ 15)
and without ARD (n¼ 54). Center box shows median (inter-
quartile range) with whiskers indicating 95% range of data.
553Renal Dysfunction after Abdominal Aortic Surgeryof surgery compared with 3.8 h (1.6e5.8) for those
without ARD (p< 0.05). Also hospital length of stay
was longer among those with ARD, 15 (10e26) vs.
9 (8e11) days (p< 0.01). Hospital mortality was 1.4%
(1/69). One patient with ARD, an 81eyear-old man,
became anuric after aortic cross-clamping. The patient
was reoperated on for ischaemia within six hours, and
died of multi-organ failure.
Discussion
We found a high incidence of acute kidney injury in
patients undergoing elective infrarenal aortic surgery.
A majority of 93% had albuminuria and 22% overt
proteinuria indicating current glomerular injury. The
incidence of albuminuria increased before aortic
clamping and was highest 0e6 h after declamping
Table 1. Characteristics of the patients
Postoperative:
ARD (N¼ 15)
Postoperative:
no ARD (N¼ 54)
Demographics
Age (yr) 72 [68e77] 66 [58e73] *
Weight (kg) 81 [76e87] 83 [71e89]
Gender: male 13 (87) 41 (76)
Operation indication
Aneurysm/occlusive
disease
12/3 (80/20) 37/17 (69/31)
Medical history
Hypertension 9 (60) 37 (68)
Ischaemic heart disease 5 (33) 25 (46)
Diabetes 1 (7) 4 (7)
COPD 7 (47) 20 (37)
Proportional data expressed as number (percentage) and analysed
with the Fisher’s exact test. Continuous-type data expressed as
median [interquartile range] and analysed with the Mann-Whitney
U test.
*P< 0.05 between the two groups.
COPD¼ chronic obstructive pulmonary disease, ACE¼ angiotensin
convertase enzyme.
Table 2. Preoperative evaluation of kidney function
Postoperative:
ARD (N¼ 15)
Postoperative:
no ARD (N¼ 54)
Plasma creatinine (mmol/l) 79 [72e90] 66 [56e80] *
Estimated GFR
(ml/min/1.73 m2)
82 [71e96] 107 [79e136] *
Normal GFR (90) 7 (47) 35 (65)
Mild decrease (60e89) 8 (53) 15 (28)
Moderate decrease (30e59) 0 (0) 2 (4)
Serum cystatin C (mg/l) 0.90 [0.66e1.11] 0.86 [0.76e1.10]
Albuminuria 5 (33) 5 (9) *
Proportional data expressed as number (percentage) and analysed
with the Fisher’s exact test. Continuous-type data expressed as
median [interquartile range] and analysed with the Mann-Whitney
U test.
*P< 0.05 between the two groups.
ARD¼ acute renal dysfunction, GFR¼ glomerular filtration rate.(Fig. 2). By 6e24 h after declamping the incidence was
decreasing. The changes in urinary NAG-creatinine
ratio, indicator of renal tubular injury, followed a sim-
ilar pattern. Our results are in agreement with earlier
reports on acute albuminuria12e14 and increased
NAG-creatinine ratio12, 15 in abdominal aortic sur-
gery. These signs of kidney injury were observed be-
fore aortic crossclamping and persisted for several
hours or even days postoperatively. In two studies
the highest level of kidney injury occurred intraoper-
atively, before or soon after aortic clamping,14e15 and
in one study postoperatively.12 The etiology of kid-
ney injury in aortic surgery seems to be multifacto-
rial, being related to changes in renal perfusion,
nephrotoxic agents as well as inflammatory and
neuroendocrine stress response to surgery.16e17 The
variation in the timing of kidney injury is probably
due to variation in the conduct of surgery and peri-
operative care in different institutions.
Although most of the patients acquired kidney in-
jury, ARD occurred in merely 22% within five days
after surgery. Comparison with earlier studies is com-
plicated, as the definition of ARD varies from paper to
paper. A 15% incidence of ARD, defined as>0.5 mg/dl
(44 mmol/l) increase in serum creatinine within 3 days,
was observed in a recent study comprising 599 con-
secutive patients from a 1993e2004 database.18 Hy-
pothetically, if the same criterion was used in our
material, the incidence of ARD would be of roughly
similar magnitude, as a 50% increase from preopera-
tive plasma creatinine of <88 mmol/l (majority of our
patients) is <44 mmol/l. Defining ARD as a change
Table 3. Perioperative factors considered to be associated with
prerenal (compromised renal perfusion) or intrinsic renal injury
Postoperative:
ARD (N¼ 15)
Postoperative:
no ARD (N¼ 54)
Intraoperative
Hypotension# 7 (47) 4 (7) **
Cardiac index (l/min/m2) 2.3 [1.8e3.2] 2.8 [2.3e3.4] **
PAOP (mmHg) 12 [9e14] 12 [9e14]
Blood loss (l) 2.9 [2.0e3.7] 1.8 [1.3e3.5]
Aortic cross-clamping (min) 72 [47e95] 70 [46e87]
Duration of surgery (min) 259 [207e332] 239 [202e278]
Postoperative
Hypotension# 2 (13) 1 (2)
Cardiac index (l/min/m2) 3.0 [2.3e3.4] 3.7 [3.0e4.2] **
PAOP (mmHg) 11 [9e15] 12 [10e14]
Rhabdomyolysis 7 (47) 7 (13) *
Myocardial infarction 2 (13) 2 (4)
Atrial fibrillation 2 (13) 0 (0) *
Reoperation 6 (40) 0 (0) **
Proportional data expressed as number (percentage), analysed with
the Fisher’s exact test. Continuous-type data expressed as median
[interquartile range], analysed with the Mann-Whitney U test.
# Hypotension: MAP<60 mmHg, intraoperatively for >15 min,
postoperatively for >1 h.Eur J Vasc Endovasc Surg Vol 33, May 2007
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ommendable, since the generation of creatinine is
proportional to muscle mass.3 Two recent prospec-
tive studies defined ARD as a 20e25% increase
from baseline plasma creatinine within 3 days from
surgery, which is a lesser degree of renal dysfunction
than in the RIFLE criteria.19e20 The incidence of ARD
was 20% among 215 consecutive patients with base-
line creatinine of 112 63 mmol/l,19 whereas a higher
figure, 48% was found among 42 patients with base-
line creatinine of 121 43 mmol/l.20 So far no other
studies concerning aortic surgery have utilized the
RIFLE criteria.
ARD was associated with several factors that may
affect renal blood flow: hypotension, low cardiac
output, rhabdomyolysis, and acute atrial fibrillation
(Table 3). Rhabdomyolysis harms the kidneys by sev-
eral mechanisms, including the toxicity of myoglobin
and decline in renal blood flow.21 Early reoperation
due to ischaemia or bleeding led to ARD in all cases.
The best predictive model for ARD identified by mul-
tivariate logistic regression included two of these fac-
tors: intraoperative hypotension and postoperative
low cardiac output. These results are interesting, since
haemodynamic factors have been ignored by most
studies evaluating the risk for ARD after abdominal
aortic surgery, although experts consider supporting
cardiac output and arterial pressure of utmost impor-
tance in preventing ARD.2,22e23 Most earlier studies
are retrospective analyses from large clinical data-
bases lacking records on perioperative hemody-
namics. In one recent study rhabdomyolysis was
included in the perioperative database and identified
as one of four independent risk factors for ARD by
multivariate analysis, along with preoperative renal
insufficiency, suprarenal clamping >40 min, and
transfusion of >5 units of RBC.18 However, there is
no consensus on the level of creatine kinase or myo-
globin predictive of ARD.23
Recognition of the role of circulation in the develop-
ment of ARD is important, as it can be influenced by
perioperative management. Currently there are no
controlled studies indicating safe threshold levels for
renal perfusion pressure, arterial pressure or cardiac
output in preventing renal injury.23 Furthermore, it is
assumed that such threshold levels need to be deter-
mined individually.22 Based on experimental studies,
renal autoregulation maintains stable perfusion over
a high range of MAP over 75e85 mmHg.2,23 The target
MAP of 70e90 mmHg in the current study was
derived from clinical practice, acknowledging that it
should be higher than the level of 65 mmHg, which
is the generally accepted goal in septic shock and
perioperative management.2,22 However, hypotensiveEur J Vasc Endovasc Surg Vol 33, May 2007episodes cannot always be prevented in vascular sur-
gery with sudden major bleeding. Our results indicate
that hypotension as severe as MAP<60 mmHg lasting
15 min is not safe for the kidneys in aortic surgery.
Some limitations of this study ought to be consid-
ered. Although the data were collected prospectively,
it was not primarily for this study. Some information
on the risk factors of perioperative ARD may there-
fore have been missed. In theory, radiology to rule
out urinary flow obstruction and monitoring of
intra-abdominal pressure might have provided useful
information in some cases. As the protocol only ad-
dressed the monitoring and treatment of patients in
the OR and ICU, information on risk factors for
ARD was not systematically collected during the later
hospital stay. N-acetylcysteine has proven useless in
the prevention of ARD in numerous studies, includ-
ing one trial concerning abdominal aortic surgery20
in addition to ours.6 As the use of N-acetylcysteine
was similar in the patients with and without ARD,
and no evidence exists that N-acetylcysteine would
predispose to ARD, it is unlikely to have affected
the results of this study.
In conclusion, kidney injury occurred in themajority
of patients undergoing elective open abdominal aortic
surgery, althoughonly one out of five acquired acute re-
nal dysfunction. Future studies are warranted to estab-
lish to what extent the incidence of postoperative ARD
can be reduced by optimal clinical practice focusing on
the prevention of perioperative risk factors: haemo-
dynamic changes compromising renal perfusion,
nephrotoxins, postoperative ischaemia and bleeding
necessitating early reoperation, and rhabdomyolysis.
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